When subjects are given the balls-and-boxes problem-solving task (Kotovsky & Simon, 1990), they move rapidly towards the goal after an extended exploratory phase, despite having no awareness of how to solve the task. We investigated possible non-conscious learning mechanisms by giving subjects three runs of the task while recording ERPs. Subjects showed significant differences in their ERP components during the exploratory phase between correct and incorrect moves. Exploratory incorrect moves were associated with a shallower response-locked N1 component and a larger response-locked P3 component compared with exploratory correct moves. Subjects who solved the task more quickly exhibited a trend towards larger N1 and P3 components. These results suggest that the brain processes information about the correctness of a move well before subjects are aware of move correctness. They further suggest that relatively simple attentional and error-monitoring processes play an important role in complex problem-solving.
Traditionally, problem-solving has been viewed as an area of "higher cognition" that is presumed to depend on conscious reasoning. However, work in the last two decades has shown that it can be significantly influenced by non-conscious processes as well (Kotovsky & Simon, 1990; Lovett & Anderson, 1996; Reber & Kotovsky, 1997; Squire & Frambach, 1990) . In a seminal study by Berry and Broadbent (1984) , subjects were asked to keep the output of a hypothetical sugar factory within a certain range. These subjects improved in their ability to perform this task with practice even though they could never articulate the rule determining the output levels. Other work has shown that patients suffering from anterograde amnesia still show improvements with practice for some problem-solving tasks (Phelps, 1989; Squire & Frambach, 1990) . Different lines of research have shown that non-conscious learning mechanisms can be equally important in other areas of higher cognition, most notably metacognition (Diana & Reder, 2004; Nhouyvanisvong & Reder, 1998; Reder, 1996; Spehn & Reder, 2000) and language-learning (Dienes, Altmann, Kwan, & Goode, 1995; Reber, 1989; Tunney & Altmann, 2001) .
There have been a number of efforts to explore non-conscious problem-solving, but the neural substrates of these phenomena still remain unclear. Neuropsychology studies suggest that the frontal lobes may be important because frontal lobe patients show * Corresponding author at: Psychology Department, Carnegie Mellon University, deficits in solving problems that do not require conscious learning (Goel & Grafman, 1995; Morris, Miotto, Feigenbaum, Bullock, & Polkey, 1997) . It has also been suggested that the left dorsolateral prefrontal cortex may be particularly crucial for non-conscious problem-solving by allowing comparisons of non-verbal stimuli (Colvin, Dunbar, & Grafman, 2001) . A particular problem that lends itself readily to study of nonconscious problem-solving is the "balls-and-boxes" task, originally developed by Kotovsky and Simon (1990) . In this problem-solving task, five balls are shown that are inside of five boxes (see Fig. 1 ). The goal is to get all of the balls out of their boxes. A ball can only be moved in or out of its box if and only if the top of its box is open. There are two rules governing whether or not the top of a box is open. First, the top of the rightmost box is always open. Second, the top of one of the other boxes can only be open if the ball immediately to its right is inside of its box and any balls further to the right are outside of their boxes. There are 32 possible states for this problem, a state being defined simply as the configuration of which balls are in or out of their box, which in turn determines which boxes have their tops open. For this experiment, a standard start state was used in which all balls were initially inside their boxes. From this state, a minimum of 21 moves is needed to reach the goal. Subjects must sometimes place a ball back into a box and at other times take a ball out to reach the goal state. The rules for this problem are such that there is a linear problem space-that is, there are always only two moves available, one of which will take one closer to the goal while the other takes one further from it. This allows for convenient analysis since any move the subject makes is unambiguously correct or incorrect. Distance from the goal is always well-defined, albeit unknown to the subject.
